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Risk of Other Cancers following Kaposi’s Sarcoma:
Relation to Acquired Immunodeficiency Syndrome

Robert J. Biggar,'Rochelle E. Curtis,' Timothy R. Cote,'Charles S. Rabkin,’and

Mads Melbye*

To evaluate the risk of another cancer among persons who initially developed Ka-

posi’s sarcoma, the authors used data from the Surveillance, Epidemiology, and End
Results (SEER) program of the National Cancer Institute for the years 1973-1990. In
persons under 70 years of age, 4,946 cases of Kaposi’'s sarcoma were observed during
the period 1980-1990 (6,217 person-years of follow-up). On the basis of rates seen
during the period prior to the epidemic of acquired immunodeficiency syndrome (AIDS),
169 cases were expected. Therefore, cases of Kaposi's sarcoma in this group were
assumed to be AIDS-related, while cases occurring in older persons or during the 1970s
were assumed to be non-AlDS-related. Rates were compared with the numbers of cases
expected overall and by site on the basis of age-, sex-, and calendar year-specific rates
from the SEER data. Among the 4,946 persons with AIDS-related Kaposi's sarcoma, the
risk of developing non-Hodgkin's lymphoma through 1990 was increased 198-fold (95%
confidence interval 169-232). However, the risk of all other cancers was only marginally
increased (1.5-fold; 95% confidence interval 0.95-2.3), a risk that was probably biased
upward because of ascertainment and misclassification. Among 491 persons with non-
AIDS-related Kaposi's sarcoma, the relative risk of all cancers, including non-Hodgkin’s
lymphoma, was 0.9 (upper 95% confidence limit 1.2), and the risk of non-Hodgkin’s
lymphoma alone was 0.6 (upper 95% confidence limit 3.3). As of 1990, the risk of having
another cancer following Kaposi’'s sarcoma was increased only in persons infected with
human immunodeficiency virus, who were at high risk of non-Hodgkin’s lymphoma but
probably not of other cancers as a whole. Am J Epidemiol 1994;139:362-8.
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Kaposi's sarcoma is strongly associated
with human immunodeficiency virus (HIV)
infection, particularly in homosexual men
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(1), among whom the relative risk of devel-
oping Kaposi's sarcoma, a rare disease, has
been estimated to be at |east 100,000-fold
higher than that in the general population
(). However, Kaposi’s sarcoma can occur
among persons who are not infected with
HIV. In the period before 1980, prior to the
epidemic of acquired immunodeficiency
syndrome (AIDS), the US age-adjusted
(1970 standard population) incidence was
2.9 and 0.7 per million per year in males and
females, respectively (2). Most cases oc-
curred in elderly persons. By 1989, how-
ever, the incidence of Kaposi's sarcoma
among men aged 20-54 years had increased
to 147 per million, and in the high-AlIDS-
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risk area of San Francisco City/County,
Cdlifornia, it was 1,967 per million (3).
For two reasons, we sought to determine
the risk of a second primary cancer among
persons who developed Kaposi’s sarcoma.
First, among persons who amost certainly
had AIDS-related Kaposi's sarcoma, we
wished to determine the risk of second can-
cers. Excess cancer risks due to HIV or its
associated immunodeficiency in this group
(most of whom would be HIV-infected ho-
mosexual men) should manifest as excess
risks of second primary cancers. Second, we
postulated that persons not HIV-infected
who developed Kaposi’s sarcoma might
have an excess risk of second primary can-
cers, especially non-Hodgkin's lymphoma,
a cancer known to be related to AIDS and
other immunodeficiency conditions (I).

MATERIALS AND METHODS

We used data from nine US cancer reg-
istries participating in the Surveillance,
Epidemiology, and End Results (SEER)
program, which has monitored cancer inci-
dence in about 10 percent of the US popu-
lation since 1973 (3). Included in SEER ar-
eas were some groups living in areas with a
high incidence of AIDS, such as San Fran-
cisco (4). To examine risk of second cancers
in persons without HIV infection, we used
data from Kaposi's sarcoma cases occurring
in the pre-AIDS era (1973-1979) and data
from more recent cases diagnosed in persons
at least 70 years old.

To examine the cancer risk that follows
Kaposi’s sarcoma presumed to be AIDS
related, we used Kaposi’'s sarcoma cases
that occurred in persons under 70 years of
age from 1980 through 1990. The cutoff
age of 70 years was chosen to minimize
the likelihood of having included AIDS-
related Kaposi’s sarcoma in the group of
persons considered to have non-AIDS-
related Kaposi’s sarcoma. Data on non-
melanoma skin cancers and carcinoma in
situ were not available. Because of the
high risk of non-Hodgkin's lymphoma in
AIDS patients, we expected the incidence
of non-Hodgkin's lymphoma following

AIDS-related Kaposi’s sarcoma to be in-
creased, and we examined the incidence of
other second primaries separately from
that of non-Hodgkin’s lymphoma.

To reduce ascertainment biases, only can-
cer diagnoses made more than 2 months
after the primary Kaposi’s sarcoma diag-
nosis were considered second primaries.
Follow-up continued from 2 months after
the date of Kaposi’s sarcoma to the date of
death, the date of the second primary, the
date of last follow-up, or December 31,
1990, whichever was earliest. We divided
follow-up into the first year (2 monthsto 1
year) and total years of follow-up (2 months
to end date) because of uncertainty about the
completeness of follow-up in later years,
particularly among a potentially mobile
population of homosexual men with AIDS.
The expected numbers of cancers were
based on sex-, age-, and calendar year-
specific incidence rates in the entire SEER
population and the number of person-
years at risk for each group (5). Ninety-five
percent confidence intervals were computed
from the Poisson distribution.

RESULTS

AIDS-related Kaposi’s sarcoma

Before 1980, the SEER program recorded
80 incident cases of Kaposi’s sarcoma
among persons under 70 years of age and
132 incident cases among older persons. In
the 1980s (1980-1990), 279 cases were ob-
served in older persons (table 1). If the ratio
found between younger and older persons in
the pre-AIDS period (80:132) had been
maintained during the 1980s, 169 cases of
Kaposi’s sarcoma in persons under age 70
years would have been expected in this
period, while 4,946 cases were observed.
Since amost al (4,777/4,946 or 97 percent)
of the Kaposi’s sarcoma cases occurring in
people under age 70 years during the 1980s
were probably related to AIDS, we assumed
that this group had AlIDS-related Kaposi's
sarcoma.

Other data are consistent with this as-
sumption. Among persons under age 70
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TABLE 1. Numbers of persons diagnosed with
Kaposi’s sarcoma from 1973 to 1990, by SEER*
registry, age group, and race

Registry Age groupt Time perlodt
(years) 49731979  1980-1990
San Francisco/
Oakland,
California <70 22 3,461
=70 38 65
Connecticut <70 20 212
=70 30 72
Metropolitan
Detroit,
Michigan <70 17 167
=70 28 67
Hawaii <70 1 118
=70 5 9
lowa <70 1 24
=70 8 16
New Mexico <70 7 68
=70 [} 14
Seattle/Puget
Sound,
Washington <70 8 410
=70 11 22
Utah <70 0 44
=70 1 3
Metropolitan
Atlanta,
Georgia <70 4 442
=70 5 11
Total <70 80 4,946
=70 132 279

* SEER, Surveillance, Epidemiology, and End Resuits.

t By period, 5.2 percent were black in 1973-1979, com-
pared with 6.9 percent in 1980—1990.

+ By age group, 7.0 percent were black among persons aged
<70 years, compared with 4.1 percent among persons aged
=70 years.

years who developed Kaposi’'s sarcoma,
99.4 percent were men in the AIDS era,
whereas only 77.5 percent were men in the
pre-AlDS era. Furthermore, the average age
of the Kaposi’s sarcoma patients under age
70 yearsinthe AIDS era—38.2 years—was
typical of AIDS cases and was considerably
lower than the average age of Kaposi’s sar-
coma patients under age 70 in the pre-AIDS
era (57.5 years). The average follow-up in-
terval was also shorter in the AIDS-related
Kaposi’s sarcoma cases than in the other
Kaposi’s sarcoma cases (1.26 and 4.89
years, respectively), reflecting the high mor-
tality associated with AIDS.

We also used death certificate data on
AIDS as an underlying cause of death. How-
ever, AIDS information became available to

the SEER registries only after January 1,
1987. Among the 2,316 Kaposi’s sarcoma
patients under 70 years old who died in
1987-1990 and for whom the cause of death
was recorded, 1,970 (85.1 percent) had
AIDS listed as the underlying cause of
death. We believe that additional patients
with AIDS-related Kaposi’s sarcoma will
have died without having AIDS coded on
the death certificate. Among 90 Kaposi's
sarcoma patients aged >=70 years who died
in 1987-1990, three (3.3 percent) had AIDS
listed as the underlying cause of death. Thus,
in the great majority of patients under 70
years old, Kaposi' s sarcoma appeared to be
related to AIDS.

Among persons with AIDS-related Kapo-
si’s sarcoma, the risk of developing any sec-
ond primary cancer was substantialy in-
creased (table 2). In the first year (3,026
person-years), 92 second primaries were
observed, while 5.2 cases were expected
(observed/expected = 17.6). During al of
the years of follow-up (6,217 person-years),
191 second primaries were observed, while
15.8 were expected (observed/expected =
12.1). Of the second cancers that occurred,
168 (88 percent) were non-Hodgkin's lym-
phoma, whereas less than one case was
expected to occur in al of the years of
follow-up. The incidence of non-Hodgkin's
lymphoma was 239-fold (95 percent confi-
dence interval (Cl) 191-299) greater than
expected in the first year and 198-fold (95
percent Cl 169-232) greater overall.

Other than non-Hodgkin’s lymphoma, 10
second primary cancers were reported in
persons with AIDS-related Kaposi’'s sar-
comain the first year of follow-up, while 4.9
cases were expected (observed/expected =
2.0; 95 percent Cl 0.96-3.7). With complete
follow-up, 23 other second primaries oc-
curred, while 14.9 were expected (observed/
expected = 1.5; 95 percent Cl 0.95-2.3).
During the first year, cancers other than non-
Hodgkin’s lymphomaincluded anal or ano-
rectal cancer (n = 2), lung cancer (n = 2),
and one case each for the testis, brain,
skin (melanoma), and conjunctiva and
Hodgkin's disease (plus one unspecified).
Beyond the first year, cancers reported at
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TABLE 2. Risk of second cancers in persons with Kaposi's sarcoma, 1973-1990*

Follow-up period

2-12 months All years
Obst Expt O/Et Obs Exp O/E
AIDSt-related Kaposi's sarcomat (4,946 persons at risk)
3,026 PYt 6,217 PY
All cancers 92 5.2 17.6 191 158 121
(14.2-21.8)|| (10.5-13.9)
All cancers, excluding non-Hodgkin's lymphoma 10 49 2.0 23 149 1.5
(0.96-3.7) (0.95-2.3)
Non-Hodgkin’s lymphoma 82 0.3 239.3 168 0.8 198.3
(191-299) (169-232)
Non-AlDS-related Kaposi’s sarcoma$§ (491 persons at risk)
368 PY 2,401 PY
All cancers 8 8.7 0.9 50 56.5 0.9
(0.4-1.8) (0.7-1.2)
All cancers, excluding non-Hodgkin's lymphoma 8 8.6 0.9 49 549 0.9
(0.4-1.8) (0.7-1.2)
Non-Hodgkin's lymphoma 0 0.3 1 1.6 0.6
(0.02-3.3)

* Data are from the Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer institute. Expected
numbers of cases were derived from age-, sex-, and calendar year-specific SEER rates.
+ AIDS, acquired immunodeficiency syndrome; Obs, no. observed; Exp, no. expected; O/E, observed/expected; PY, person-years

at risk.

+ AIDS-related Kaposi's sarcoma was defined as Kaposi's sarcoma diagnosed in persons of either sex aged <70 years during

the period 1980—1990.

§ Non-AlDS-related Kaposi's sarcoma was defined as Kaposi's sarcoma diagnosed before 1980 or in persons aged =70 years

during the period 1980—-1990.
|| Numbers in parentheses, 95 percent confidence interval.

additional sites were cancers of the lung
(n = 3), prostate (n = 2), and bladder
(n = 2) and one case each for the colon,
liver, larynx, testis, and connective tissue
(plus one unspecified). Except for the anal
cancers (one squamous cell cancer of the
anus and one cloacogenic carcinoma) and
the conjunctival cancer (squamous cell car-
cinoma) in the first year, none of the rates
observed for cancers other than non-
Hodgkin's lymphoma significantly ex-
ceeded rates expected at specific sites.
Thirty-two cases of Kaposi's sarcoma
were reported in women under 70 years of
age in the AIDS era. None of those women
were reported as having another cancer dur-
ing the follow-up period (98 person-years).

Non-AlIDS-related Kaposi's sarcoma
We considered 491 cases of Kaposi's sar-
coma to be non-AlDS-related. Among the

212 Kaposi's sarcoma patients whose illness
was diagnosed before 1980, few would have

been infected with HIV. Those 279 Kaposi's
sarcoma patients aged >=70 years who pre-
sented for treatment during the AIDS era
could have included persons who were HIV-
infected. Although the number of peoplein
this group increased from 18.8 cases per
year in the pre-AIDS era to 25.4 cases per
year in the 1980s, the population under sur-
veillance also increased. Furthermore, the
AIDS epidemic probably increased clinical
interest in Kaposi's sarcoma, which may
have contributed to the rising frequency of
this diagnosis. However, both the average
age (81.1 years) and the male:female sex
ratio (183:86 or 2.1:1) of older personsin the
1980s were similar to those among older
personsin the pre-AlDS era (79.8 years and
95:37 or 2.6:1, respectively), suggesting that
the groups were relatively similar and prob-
ably included few HIV-infected individuals.

Among the persons with non-AlDS-
related Kaposi's sarcoma, there were 368
person-years of follow-up in the first year
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and atotal of 2,401 person-years of follow-
up for al years (table 2). Because age at
diagnosis was much higher in this group (av-
erage age = 72.8 years), the expected num-
ber of cancers was much larger than that in
the group that developed AIDS-related
Kaposi's sarcoma (average age = 38.2
years). In the first year after Kaposi's sar-
coma diagnosis, eight second primaries
were observed, while 8.7 were expected
(observed/expected = 0.9, 95 percent CI
0.4-1.8). Using al years of follow-up, 50
second primaries were observed, while 56.5
were expected (observed/expected = 0.9;
95 percent Cl 0.7-1.2). Stratification by age
group (<70 years vs. >=70 years), time pe-
riod (1973-1979 vs. 1980-1990), and sex
yielded similar results.

One case of non-Hodgkin's lymphoma
was observed following non-AlDS-related
Kaposi’s sarcoma, while 1.6 cases were ex-
pected (observed/expected = 0.6; 95 per-
cent Cl 0.02-3.3). This case occurred in an
elderly woman during the pre-AIDS era.
Two cases of multiple myeloma were diag-
nosed, one in the first year and one later. The
excess incidence seen in our study (0.7 cases
expected overall) was not statistically sig-
nificant. Both cases occurred in women dur-
ing the period 1973-1979.

DISCUSSION

Previous attempts to assess cancer risk in
HIV-infected persons have relied on either
cohorts of subjects known to be HIV-in-
fected with relatively few cancer outcomes
(6, 7) or large studies in which demographic
data (sex, age, marital status, and area) were
used to identify populations likely to have a
high HIV infection rate (8, 9). These studies
revealed the excess relative risk of at least
100-fold for non-Hodgkin's lymphoma in
populations at risk for AIDS (10). Excesses
of other types of cancers have not been eas-
ily documented, although they have been
much discussed.

In this study, we found the excess risk of
non-Hodgkin's lymphoma—239-fold in the
first year and 198-fold overall—to exceed
previous estimates, probably because we

better identified a subset of persons who
were highly likely to have had AIDS. This
relative risk can only be applied to those
who had Kaposi's sarcoma during the
course of their AIDS illness, weighing it
heavily towards homosexual men. We
cannot exclude the possibility that persons
with AIDS-related Kaposi's sarcoma are at
higher risk of non-Hodgkin's lymphoma
than persons presenting with other AIDS ill-
nesses, but we note that persons with non-
AlIDS-related Kaposi's sarcoma do not have
an excess risk of non-Hodgkin's lymphoma.

In contrast to non-Hodgkin’s lymphoma,
the overall excess of other cancers was only
marginally significant: 1.5-fold, with the up-
per 95 percent confidence limit being 2.3-
fold. Thus, among persons with AIDS, the
excess risk of all cancers other than non-
Hodgkin's lymphomaiis low.

These findings are potentially biased in
several ways. Because screening at the time
of AIDS diagnosis might accelerate diag-
noses of cancers to within the first 2 months,
ratesin the first year following AIDS diag-
nosis could be underestimated. In addition,
patients with AIDS-related Kaposi's sar-
coma may move from the site of their initial
diagnosis to other hospitals and caregivers,
which could make recording of second
malignancies more difficult. Persons with
AIDS could also provide fictitious names
and develop second cancers or die without
this information being linked to cancer
registry data. In a follow-up study linking
non-Hodgkin’s lymphomarecordsin AIDS
registries to those in cancer registries in
Cdlifornia, Florida, New Jersey, and At-
lanta, Georgia, we have found cancer reg-
istry data to be about 85 percent complete
(Cote et a., unpublished data; because these
registries were generaly not within the
SEER network, the data may not be quite
analogous to those in this study). These bi-
ases would underestimate the rates of non-
Hodgkin's lymphoma. However, ascertain-
ment bias associated with being under close
medical supervisionisalso likely, athough
this may be offset by the reluctance of phy-
sicians and patients to pursue cancer diag-
noses aggressively.
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Probably more serious is misclassifica-
tion of those cancers coming to diagnosis.
Histologies may be erroneous, resultingin
miscoding of Kaposi's sarcoma, a cancer
which can occur at amost any site. In ad-
dition, relative to other cancers, non-
Hodgkin's lymphoma was so frequent that
only a minor amount of misclassification of
this disease (e.g., as Hodgkin's disease)
could lead to increased rates of those can-
cers. Thus, some of this slight excess risk of
cancers other than non-Hodgkin's lym-
phoma may be artifactual.

Finally, other lifestyle variables could in-
crease the risk of cancer among homosexual
men above background rates for reasons
other than HIV or its associated immuno-
deficiency. In a study conducted during the
1970s, before the onset of the AIDS epi-
demic, rates of anal cancer were fourfold
higher among homosexual men than in the
general male population (11). In addition,
homosexual men may have more exposure
to other carcinogens than the general popu-
lation. For example, in several cohort stud-
ies, HIV-seroconverting participants tended
to smoke more cigarettes (12, 13).

Among persons unlikely to be HIV-
infected who developed Kaposi’s sarcoma,
we found no significant excess of cancer
overall (observed/expected = 0.9) or of
non-Hodgkin's  lymphoma (observed/
expected = 0.6). In a study comparing pa-
tients hospitalized with Kaposi’'s sarcoma
to the general population, a 20-fold excess
risk of non-Hodgkin’s lymphoma was esti-
mated (14). Such an excess is inconsistent
with the results of the present study. The
only study comparable to ours was con-
ducted in Sweden (15). Among 529 non-
AlIDS-related Kaposi's sarcoma cases, the
authors found no excess of al cancers
but a significant excess (a 2.3-fold increase)
of “lymphoma’ (including eight cases of
non-Hodgkin's lymphoma, three cases of
Hodgkin's disease, and two multiple my-
elomas). While we did not find an elevated
risk of non-Hodgkin's lymphoma in pa-
tients with non-AlDS-related Kaposi’s sar-
coma (0.9-fold), the Swedish result is not
beyond the upper limit of the broad confi-

dence intervals in our findings (95 percent
Cl 0.02-3.3). Although it was not statisti-
cally significant in our study, the finding of
two cases of multiple myeloma in the non-
AlDS-related patients may be of interest,
because the Swedish investigators observed
an excess incidence (two cases) of multiple
myeloma in their study (15).

In summary, while the risk of non-
Hodgkin's lymphoma following Kaposi’'s
sarcoma that was presumed to be AIDS
related was increased 230-fold in the first
year and 198-fold overall, the incidence of
other cancers was increased only 2.0-fold in
the first year and 1.5-fold overall. For all
cancers other than non-Hodgkin's lym-
phoma, the lower confidence limit of the
relative risk included 1.0 (95 percent Cl
0.95-2.3). However, small increased risks
of specific types of cancer could be present
or could emerge if survival increases dra-
matically. In this study, the average length
of follow-up in the cases assumed to have
AlIDS-related Kaposi's sarcoma was only
1.26 years. In addition, risks could be in-
creased in groups such as women, children,
or persons exposed to HIV by routes other
than homosexual activity.

Assessing the risk of cancers other than
Kaposi's sarcoma and non-Hodgkin's lym-
phoma in persons with HIV infection and its
related immunodeficiency will require the
study of very large numbers of persons at
risk, since the incidence of those cancersis
s0 low. Furthermore, if excess risks are
found, evaluation of each case will be re-
quired in order to limit misclassification.
Persons with Kaposi’ s sarcomawho are not
infected with HIV have no excess risk of
non-Hodgkin's lymphoma or of other can-
cers combined.

REFERENCES

1. Biggar RJ. Cancer in acquired immunodefi-
ciency syndrome: an epidemioiogica assess-
ment. Semin Oncol 1990; 17:251-60.

2. Biggar RJ, Horm J, Fraumeni JF Jr, et a. The
incidence of Kaposi’s sarcoma and mycosis fun-
goides in the United States and Puerto Rico,
1973-81. J Natl Cancer Inst 1984;73:89-94.

3. Ries LAG, Biggar RJ, Feigd E. Kapos's sar-



368 Biggar et al.

coma In: Miller BA, Ries LAG, Hankey BF, et
al, eds. Cancer Statistics Review: 1973-1990.
Bethesda, MD: National Cancer Institute, 1993.
(NIH publication no. 93-2789).

. Rabkin CS, Biggar RJ, Horm JW. Increasing
incidence of cancers associated with the human
immunodeficiency virus epidemic. Int J Cancer
1991;47:692-6.

. Bresow NE, Day NE. Statistical methods in can-
cer research. Vol 2. Tire design and analysis of
cohort studies. Lyon, France: International
Agency for Research on Cancer, 1987. (LARC
Scientific Publication no. 82).

. Rabkin CS, Hilgartner MW, Hedberg KS, et a.
Incidence of lymphomas and other cancers in
HIV-infected and HIV-uninfected patients with
hemophilia. JAMA 1992;267:1090-4

. Mufioz A, Schrager LK Bacellar H, et a. Trends
in the incidence of outcomes defining the ac-
quired immunodeficiency syndrome (AIDS) in
the Multicenter AIDS Cohort Study: 1985-1991.
Am J Epidemiol 1993;137:423-38.

. Biggar RJ, Horm J, Goedert JJ, et a. Cancer in a
group at risk of acquired immunodeficiency syn-
drome (AIDS) through 1984. Am J Epidemiol
1987;126:578-86.

. Biggar RJ, Horm J, Lubin JH, et al. Cancer

10.

11.

12.

13.

14.

15.

trends in a population at risk of acquired immu-
nodeficiency syndrome. J Natl Cancer Inst 1985;
74:793-7.

Biggar RJ, Rabkin CS. The epidemiology of
acquired immunodeficiency syndrome-related
lymphomas. Curr Opin Oncol 1992;4:883-93.
Daling JR, Weiss NS, Klopfenstein LL, et a.
Correlates of homosexual behavior and the inci-
dence of anal cancer. JAMA 1982;247:1988-90.
Wiktor SZ, Biggar RJ, Melbye M, et al. Effect of
knowledge of human immunodeficiency virus
infection status on sexua activity among homo-
sexua men. JAcquir Immune Defic Syndr 1990;
3:62-8.

Penkower L, Dew MA, Kingdey L, et a. Be-
havior, health and psychosocial factors and risk
for HIV infection among sexually active homo-
sexual men: The Multicenter AIDS Cohort
Study. Am J Public Health 1991;81:4-196.
Safal B, Mike V, Girado G, et a. Association
of Kaposi's sarcoma with second primary
malignancies—possible etiological implications.
Cancer 1980;45:1472-9.

Diktor M, Attewell R. Epidemiology of Kaposi's
sarcoma in Sweden prior to the acquired immu-
nodeficiency syndrome. Int J Cancer 1988;42:
346-51.



	MATERIALS AND METHODS
	RESULTS
	AIDS-related Kaposi's sarcoma
	Non-AIDS-related Kaposi's sarcoma

	DISCUSSION
	REFERENCES

